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MATIONAL ADVISORY C O M M I T T E E  FOR AERONAUTICS 

A D Y A M C E - ~ ~  REP ORT 
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A FLIGHT I N V S S T I G A T I O N  OF INTXRNALLY 

BALANCED SEALED AILERONS Ilu’ THE PRESENCE 

OF A BALANCED SPLIT FLAP 

By W .  C. Wllliams 

SUMMARY 

3 1 i g h t  t e s t s  were macle w i t h  a m o d i f i e d  Ryan ST 
a i r p l a n e  t o  d e t e r m i n e  t h e  e f f e c t  on  a i l e r o n  c h a r a c t e r -  
i s t  i c s  of v a r i o u s  a r r a n g e m e n t s  o f  b a l a n c e d  s p l i t  f l a p s  
c o v e r i n g  t h a t  p o r t i o n  o f  t h e  wing  s p a n  o c c u p i e d  by t h e  
a i l e r o n s .  XACA r e c o r d i n g  i n s t r u m e n t s  were u s e d  t o  
d e t e r m i n e  a i l e r o n  e f f e c t i v e n e s s .  

With t h e  f l a p s  f u l l y  e x t e n d e d ,  t h e  a i l e r o n  e f -  
f e c t i v e n e s s  was r e d u c e d  by a p p r o x i m a t e l y  1 8  p e r c e n t  
o f  t h e  e f f e c t i v e n e s s  measured  w i t h  a i l e r o n s  a l o n e .  
F o r  t h e  p a r t l y  r e t r a c t e d  p o s i t i o n s  o f  t h e  f r a p ,  t h e  
c o r r e s p o n d i n g  r e d u c t i o n  w a s  of t h e  o r d e r  of 60  p e r c e n t .  

INTRODUCTIO3 

R e s u l t s  a r e  p r e s e n t e d  h e r e i n  f o r  p a r t  of an ex- 
t e n s i v e  i n v e s t i g a t i o n  c o n d u c t e d  by t h e  NACA t o  d e v e l o p  
a s a t i s f a c t o r y  l a t e r a l  c o n t r o l  d e v i c e  f o r  u s e  w i t h  full.- 
s p a n  f l a p s .  I n  t h e  f u l l - s p a n  f l a p  a r r a n g e m e n t ,  w i t h  
which  t h i s  p a p e r  i s  c o n c e r n e d ,  b a l a n c e d  s p l i t  f l a p s  
a r e  l o c a t e d  o v e r  t h a t  p o r t i o n  o f  t h e  wing s p a n  c o v e r e d  
by t h e  a i l e r o n s ,  t h e  i n b o a r d  p o r t i o n  o f  t h e  s p a n  p r e-  
sumably b e i n g  f i t t e d  w i t h  s l o t t e c ?  o r  Fowle r  t y p e  f l a p s .  
The i n v e s t i g a t i o n  c o n s i s t e d  of f l i g h t  t e s t s  i n  whi-ch 
t h e  f u l l - s p a n - f l a p  l a t e r a l  c o n t r o l  a r r a n g e m e n t  was 
s i m u l a t e d  by l o c e t i n g  a f l a p  of t h e  b a l a n c e d  s p l i t  
t y p e  u n d e r  t h a t  p o r t i o n  o f  t h e  w i n g  s p a n  c o v e r e d  by 
t h e  a i l e r o n s .  The t e s t s  were  c o n f i n e d  t o  measure-  
ments  o f  t h e  e f f e c t i v e n e s s  of t h e  l a t e r a l  c o n t r o l s .  

These f l i g h t  t e a t s  w e r e  c o n d u c t e d  by t h e  NACA a t  
L a n g l e y  F i e l d ,  V a .  
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P r o l l i n g  v e l o c i t y ,  r a d i a n s  per s e c o n d  

v true a i r s p e e d ,  f e e t  p e r  s e c o n d  

Vi i n d i c a t e d  a i r s p e e d ,  mi l e s  p e r  hour 

b wing s p a n ,  f e e t  

cw wing c h o r d  

6 f  f l a p  d e f l . . a c t i o n  

APPARATUS 

The Ryan S I  a i r p l a n e  w i t h  i n t e r n a l l y  s e a l e d  a n d  
ba lancecl  a i l e r o n s  is d e s c r i b e d  i n  r e f e r e n c e  1. For 
t h e  p r e s e n t  invest1 i ; a . t ton ,  b a l a n c e d  s p l i t  f l a p s  were  
moi in ted .  O R  f ~ x e c ?  5;'dckeZ;s o v e r  t h e  o u t b o a r d  p o r t i o n  
of  t h e  s p a n ,  :-IS shswr. ir, f i gx i r e s  1 a n d  2 ,  !?ha f 3 ~ p s  
covpzed  38 pc:*eEr*S o f  t h e  w i n g  s p a n  and had a c h o r d  
of 20 F e r c e a t  o f  t h e  w i n 5  c h o r d .  

TESTS AND RESULTS 

E 
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F l a p  a r r a n g e m e n t  

: 
I 

I4 A i l e r o n s  a l o n e  

F l a p  d e f l e c t i o n ,  
400; g a p ,  0.C2cw; 
l e a d i n g  e d g e  
u n d e r  a i l e r o n  
h i n g e  l i n e  

F l a p  d e f l e c t i o n ,  
40°; g a p ,  0 . 0 4 ~ ~ ;  
l e a u i n g  ed‘ge 
u n d e r  h i n g e  l i n e  

$ l a p  d e f l e c t i o n ,  
1 4 ” ;  g a p ,  0 . 0 2 ~ ~ ;  
l e a d i n g  edge  
0 . 0 3 2 5 ~ ~  a h e a d  
of hj-nge l i n e  

F l a p  d e f l e c t i o n ,  
8 O ;  gap,  0 . 0 1 ~ ~  
s e a l e d ;  l e a d i n g  
edge  0 . 0 7 ~ ~  
a h e a d  o f  h i n g e  
l i n e  

A i l e r o n  e f f e c t i v e -  
n e s s  (maximum %) 
R i g h t  r o l l  

0.061 

, 0 5 1  

05 

% 0 2 2  

.0263 a. 

a Average  v a l u e  

- 
Left  r o l l  

0 .078 

.063 

.064 

a.0295 

.0323 a 

A i l e r o n  e f f e c t i v e -  
n e s s  ( p e r c e n t  o f  
e f f e c t i v e n e s s  w i t h  
a i l e r o n s  alone) 

100 

8 2  

e 

82 

37 

42 

The l o w  a i l e r o n  e f f e c t i v e n e s s  o b t a i n e d  w i t h  t h e  
p a r t l y  d e f l e c t e d  f l a p s  c o n f i r m s  u n p u b l i s h e d  w i n d - t u n n e l  
d a t a  f o r  a s i m i l a r  a r r a n g e m e n t  and a d d i t i o n a l  wind- 
t u n n e l  t e s t s  a r e  now u n d e r  way i n  a n  a t t e m p t  t o  d e t e r m i n e  
a more f a v o r a b l e  f l a p  o p e r a t i n g  p a t h .  I t  i s  p o s s i b l e ,  
however ,  t h a t  t h i s  low a i l e r o n  e f f e c t i v e n e s s  a t  p a r t i a l  
f l a p  d e f l e c t i o n s  i s  n o t ,  i n  r e a l i t y ,  a s e r i o u s  d rawback ,  
b e c a u s e  a t w o- p o s i t i o n  f l a p  a r r a n g e m e n t  may be  u s e d  i n  
which  t h e  f l a p  passes q u l c k l y  t h r o u g h  t h e  r e g i o n  o f  low 
a i l e r o n  e f f e c t i v e n e s s .  The b a l a n c e d  s p l i t  f l a p  i s  
i n t e n d e d  f o r  use  i n  t h e  duplex a r r a n g e m e n t  w h e r e i n  a 
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Fowle r  o r  a s l o t t e d  f l a p  i s  used o v e r  t h e  i n b o a r d  
p o r t i o n s  o f  t h e  wing;  t h e r e f o r e ,  p a r t i a l  f l a p  d e f l e c -  
t i o n s  might  v e r y  w e l l  be c o n f i n e d  t o  movement o f  t h e s e  
i n b o a r d  p o r t i o n s .  

Lang ley  Memorial  Aeronaut  ieal L a b o r a t o r y ,  
N a t i o n a l  Advisory C o m m i t t e e  f o r  A e r o n a u t i c s ,  

Langley F i e l d ,  V a .  

REFXRENCE 

1. Williams, W. C . ,  and H l e c k n e r ,  B. F.: A F l i g h t  
I n v e s t i g a t i o n  of 1 n t e r n a . l l y  Ba lanced  S e a l e d  
A i l e r o n s .  NACA A e R e R . ,  Dec, 1941. 
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Figure 2. - Three-view drawing of the Byan ST airplane with fixed 
balanced s p l i t  f l a p .  
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Vigure 3. - Sketch of i n t e r n a l l y  balanced a i l e r o n  ana balanced-split-flap arrangement a8 used. on 
&ycW ST airplane;  f i l l y  extenaed pos i t ion  with 2-percent gap. 

.___- 

CL AP K Y 4 /,?FOIL 

pk3'Jre 4- - sketch of a f l e m n  aML balanced-split- flap arrangement as  used on man ST airplane; 
fu l ly  extendea Posi t ion with /+-percent gap. 
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Figure 5. - Sketch of a i l e r o n  ana balanced- spl i t- f lap arrangement a s  used on €@an ST airplane;  
p a r t l j  r e t rac ted  p o s i t i o n  with 2-percent gap. 

-- 

CLARK Y A/RfO/L 

Figure 6. - Sketch of a i l e r o n  and balanced s p l i t  f l a p  a s  used on Ryan ST airplane;  p a r t l s  
re t rac ted  p o s i t i o n  with sealed gap. 
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Figure T o -  Variation af hel ix  angle pb/2V with change in aileron 
deflection. Ryan ST airplane with internally balanced aflerons alone. 

E Figure 80- Variation of helix an l e  pb/2V wfth cbange i n  total  aileron 
angle. 
presence of  theQ2Oc, balanced s p l i t  f lap. 
leading edge of f lap directly mder aileron hfnge line. 

Ryan ST airplane with f nternally balanced ailerons in  the - 
6 = bo0; gap - 0 . 0 2 ~  
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Figure 9.- Variation of he l ix  angle pb/2V w i t h  change i n  a i l e ron  
deflect ion.  Ryan ST air  lane w i t h  in te rna l ly  balanced a i le rons  
i n  the presence of t h e Q  !i Oc, balanced s p l i t  f lap.  
gap =0.04cw; leading edge of  f l a p  d i r e c t l y  Und8r a i l e ron  hinge  l ine .  

6f = 400; 

1 

I Fi  ur8 10.- Variation of  he l ix  an  l e  b/2V w i t h  change i n  a i l e ron  ’ 

%flection. 
presence of t h e O . 2 0 ~ ~  balanced s p l i t  f lap.  
leading edge of f l a p 0 . 0 3 2 5 ~ ~  ahead of a i l e ron  hinge l ine .  

Ryan ST airplane v f t h  i n t e r n a l l y  balanced a i le rons  i n  the 
6f = 14’; gap =0.O2cw; 

0 
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Figure 12.- Variation of helix angle pb/2T with change in aileron deflection. 

of %?e 0.20c, balanced s p l i t  flap. Sf = 8'; gap = 0 . 0 1 ~ ~ ~  sealed; leading edge 
of f lap  0 . 0 7 ~ ~  anead of aileron hinge line. 

Byan ST airplane with internally balanced ailerons in the presence 


